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This paper presents the first record of the Lessepsian migrant fish Lagocephalus sceleratus 
(silver-cheeked toadfish) on the Italian side of the south Adriatic Sea. In addition, four specimens of 
Sphoeroides pachygaster (blunthead puffer) were analysed. Meristic and morphometric data of the 
silver-cheeked toadfish and blunthead puffer are in accordance with data from the Mediterranean. 
The specimen of silver-cheeked toadfish was a female with gonad in resting stage and the specimens 
of blunthead puffer were adults (male and female) with gonads in maturing, mature/spawner 
and post-spawning stage. The stomach contents of the specimen of silver-cheeked toadfish were 
composed by Mollusca Opistobranchia and Crustacea Brachyura. Stomach contents analysis of S. 
pachygaster confirmed that Mollusca are the preferred prey for this species. However, the presence 
of Crustacea (shrimps, crabs) and fish in the stomachs indicates that the blunthead puffer has a 
broad and variable diet in the south Adriatic Sea. The present study suggests the presence of an 
established population of blunthead puffer on the continental shelf of the southeast Adriatic Sea.
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INDRODUCTION
The impact of non-native fish populations on 
native species determines several effects such as 
competition for habitats, predation, hybridiza-
tion and the transfer of parasites and diseases 
(ARTHUR et al., 2010; CANONICO et al., 2005; CAREY 
& WAHL, 2010).
The human interference on geographical 
barriers, combined with climate change and 
increased seawater temperatures are deeply 
changing the geographical distributions of plant 
and animal species, thus increasing the pole-
ward spread and success of these species in 
new environments. Fish community changes 
are mainly evident in the Mediterranean basin 
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a source of food poisoning. For this reason, L. 
sceleratus received considerable public atten-
tion and the European legislation (854/2004/
EC) prohibits its marketing. Nevertheless, few 
cases of human poisoning after the ingestion 
of the fish have been reported for the Mediter-
ranean (BENTUR et al., 2008). This Lessepsian 
migrant species has been considered among the 
100 invasive species in the Mediterranean Sea 
for its rapid expansion (STREFTARIS & ZENE-
TOS, 2006). Indeed, after the first record in the 
Aegean Turkish coast in Gökova Bay (AKYOL 
et al., 2005; FELIZ & ER, 2004), L. sceleratus had 
a rapid expansion in few years throughout the 
eastern basin, reaching the northernmost parts of 
the Aegean Sea and toward south-west until the 
southern coast of Tunisia (JRIBI & BRADAI, 2012; 
KALOGIROU, 2013).
The first record of Sphoeroides pachygaster 
off the western coast of south Adriatic Sea 
(Mola di Bari) is dated back in 1992 (BELLO, 
1993) (Table 1). In the following years, many 
others captures of this species were record-
ed in the whole Adriatic Sea basin (DULČIĆ, 
2002; GRUBAČ, 2008; JARDAS & PALLAORO, 1996; 
JOKSIMOVIĆ & MANDIĆ, 2008; LIPEJ et al., 2013) 
(Table 1). 
Because species of the Tetraodontidae fam-
ily have an extremely invasive character and a 
potential risk to human health, monitoring these 
“alien species” populations is extremely impor-
tant for assessing their impact on ecosystems 
and fisheries (NADER et al., 2012).
(AZZURRO et al., 2011; BIANCHI, 2007; GALIL et al., 
2007), considered one of the main hotspots of 
marine bioinvasion on the planet (QUIGNARD & 
TOMASINI, 2000). This is partly due to many fish 
species reached the Mediterranean Sea after the 
opening of the Suez Canal in 1865, while other 
newcomers arrived through the Gibraltar Strait. 
Continuous arrival of new species has been 
confirmed, although in less quantity, in the Adri-
atic Sea (DRAGIČEVIĆ & DULČIĆ, 2010; DULČIĆ & 
DRAGIČEVIĆ, 2011).
Among the new fish arrivals in the Mediter-
ranean, one of the most emblematic is the case 
of species belonging to the Tetraodontidae fam-
ily, which includes 19 genera and approximately 
130 species (MATSUURA, 2001; NELSON, 2006). 
Puffers are marine fish distributed in tropical 
and subtropical areas of the Atlantic, Indian 
and Pacific Ocean, and six species have been 
reported in the eastern Mediterranean (GOLANI 
et al., 2006). 
The species of Tetraodontidae family have 
been recorded in the central-northern Adriatic 
Sea include the Lagocephalus sceleratus (Gme-
lin, 1789), Sphoeroides pachygaster (Müller & 
Troschel, 1848) and Lagocephalus lagocepha-
lus (Linnaeus, 1758). L. lagocephaelus was 
reported for the first time at Molunat in 2004 
(Dulčić & Pallaoro, 2006), while L. sceleratus was 
reported in 2012 close to Dubrovnik (ŠPREM et 
al. 2014) (Table 1). This species is a Lessepsian 
migrant with a potential risk to human health, 
as it contains the most harmful paralytic toxin 
known (i.e. the tetrodotoxin (TTX)) that may be 
Table 1. Records of S. pachygaster and L. sceleratus in the Adriatic Sea
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The objective of this work was thus to 
add new records of species belonging to the 
Tetraodontidae family in the south Adriatic sea, 
reporting for the first time the capture of Lago-
cephalus sceleratus along the Italian coast of 
Adriatic Sea. 
MATERIALS AND METHODS
The samples of Lagocephalus sceleratus 
(Silver-cheeked toadfish) and Sphoeroides 
pachygaster (blunthead puffer) were taken from 
commercial landings and discard monitoring 
(Data Collection Framework - DCF; EU Reg. 
199/2008) coasts and from the MEDITS inter-
national trawl survey (AA.VV., 2016) (Fig. 1; 
Table 3). The specimen of Silver-cheeked toad-
fish was captured along the Italian coast of south 
Adriatic Sea, off Trani at 40 m depth (Fig. 1). 
The analyzed specimens of S. pachygaster were 
captured off the coast of Albania and Montene-
gro (Fig. 1; Table 3) at a depth range between 
75 and 125 m. 
The specimen of L. sceleratus was caught by 
commercial trawler in the 2014 along the Italian 
coast of south Adriatic Sea (Fig. 1). Among the 
4 S. pachygaster specimens, two were caught 
during the MEDITS survey (2012 - Albanian 
coast; 2014 - Montenegrin coast) and the others 
two were caught by a commercial trawler (2014 
– Montenegrin coast) and a longline vessel 
targeting European Hake (2015 – Montenegrin 
coast) (Fig. 1). 
In total, 5 specimens (1 L. sceleratus and 
4 S. pachygaster) were analysed. Morphology 
and color analysis, as well as morphometric 
A B
Fig. 1. Study area: red points represent the hauls of the 
MEDITS trawl survey, yellow star the sites of capture 
of S. pachygaster during the MEDITS survey, the blue 
points the sites of capture of S. pachygaster during the 
commercial fishing activity, the green point the site of 
capture of L. sceleratus
Table 2. Maturity scale used in the present study (from 









measurements (nearest 1 mm) and meristic 
counts were carried out (Fig. 2), following the 
previous descriptions of species belonging to 
the Tetraodontidae family (GOLANI, et al. 2002; 
PSOMADAKIS et al., 2006; RAGONESE et al., 1997; 
TORTONESE, 1986).
The following morphometric measurements 
and meristic counts were taken (Fig. 2): Total 
length (TL), Standard length (SL), Preanal 
length (PL), Head length (HL), Snout length 
(SnL), Opercular length (OL), Head height 
(HH); Body height (BH); Anal height (AH); 
Caudal peduncle height (CH), Opercular height 
(OH), Interorbital space (IS), Head width (HW), 
Body width (BW), Anal width (AW), Caudal 
peduncle width (CW), Eye horizontal diameter 
(EH), Eye vertical diameter (EV), Total weight, 
Liver weight, Gonad weight, Gutted weight, 
Number of dorsal fin rays, Number of anal fin 
rays, Number of pectoral fin rays, Number of 
caudal fin rays.
Sex and sexual maturity were determined 
macroscopically based on the MEDITS maturity 
scale (AA.VV., 2016) (Table 2).Gonad weights 
(GW) were recorded to the nearest 0.1 g.
Stomachs and its contents were carefully 
removed. Identification of prey items was gener-
ally limited to the higher taxonomic level, since 
the beak-like jaws of puffer fish crush food items 
to the extent that prey could rarely be identified 
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to the species level. Dietary estimations were 
limited to number (N), percent number (%N), 
occurrence (O) and percent occurrence (%O) for 
each prey. Quantitative measurements of prey 
biomass were not possible given the stage of 
advanced digestion.
RESULTS
All measurements, meristic counts, sex, and 
gonad maturity are presented in Table 3 for L. 
sceleratus and S. pachygaster.
Lagocephalus sceleratus
The single specimen of L. sceleratus (Fig. 
4) has a total length of 587 mm. Body elongated 
and cylindrical, compressed laterally and ven-
Fig. 2. Schematic representation of the morphometric measurements. Lateral view up (S. pachygaster) and dorsal view 
down (L. sceleratus)
trally. The livery is characterized by a laterally 
wide silver bands extended from the mouth to 
the caudal fin and by a dorsal area grey-brown-
ish with black spots regularly distributed. Typi-
cally for the Tetraodontidae species, the mouth 
has four large teeth (two in each jaw) forming 
a beak.
Fig. 3. Lagocephalus sceleratus caught off the Puglia 
coasts
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Specimens 1 2 3 4
Origin MEDITS MEDITS Landing Landing
Date 21/07/2012 26/08/2014 20/08/2014 21/11/2015
Depth (m) 125 75 110 98
Total length (TL) 200 295 355 340
Standard length (SL) 175 258 313 287
Preanal length (PL) 138 195 236 221
Head length (HL) 62 101.7 123.7 119.2
Snout length (SnL) 20 41.3 55.2 42.7
Opercular length (OL) 63.8 83.9 112.7 111.3
Head height (HH) 34.9 49.5 58.93 53.7
Body height (BH) 73.5 112.3 140.8 124.4
Anal height (AH) 28.3 48.4 57.2 49.4
Caudal peduncle height (CH) 10 13.5 17.6 15.9
Opercular height (OH) 26.6 33.9 46.2 49.3
Interorbital space (IS) 22.1 36.9 38.9 40.2
Head width (HW) 32.3 44.7 61.6 56.2
Body width (BW) 35.4 55.2 67.5 64.6
Anal width (AW) 27 40.2 49.7 47.6
Caudal peduncle width (CW) 8.2 11.6 15.2 12.8
Eye horizontal diameter (EH) 14.7 16.5 28 23.8
Eye vertical diameter (EV) 9.2 12.1 16 15.6
Total weight 200.8 759.8 1540.8 947
Liver weight ---- ---- 115.4 ----
Gonad weight 3.7 5.7 151.2 13.6
Gutted weight 171.5 528.5 1109.8 753.1
Dorsal fin rays 8 8 8 8
Anal fin rays 7 7 7 7
Pectoral fin rays 14 14 14 14
Caudal fin rays 9 9 9 9
Sex Female Female Female Male









Total length (TL) 587
Standard length (SL) 503
Preanal length (PL) 332
Head length (HL) 137
Snout length (SnL) 76
Opercular length (OL) 153
Head height (HH) 93.3
Body height (BH) 104.5
Anal height (AH) 84.5
Caudal peducle height (CH) 15.6
Opercular height (OH) 75
Interorbital space (IS) 67.3
Head width (HW) 78.4
Body width (BW) 80.5
Anal width (AW) 85.6
Caudal peduncle width (CW) 20.6
Eye horizontal diameter (EH) 22.2





Dorsal fin rays 12
Anal fin rays 9
Pectoral fin rays 17







Table 3. Morphometric, meristic, sex and maturity of S. pachygaster and L. sceleratus
This specimen is a female with the gonad in 
the resting stage (4b)
Stomach content of the only specimens of 
L. sceleratus was composed by 6 preys: 4 Mol-
lusca Opistobranchia and 2 Crustacea Brachyura 
(Table 4).
Sphoeroides pachygaster
The specimen of  S. pachygaster (Fig. 5) was 
identified by its typical stout and inflatable body 
with rounded snout, big head and skin without 
scales. Mouth with four large teeth (two in each 
jaw) forming a beak. Eyes were rather large and 
oval in shape. A small dorsal fin is placed above 
the anal fin of similar size and shape. Pelvic fin 
is absent. Body is devoid of any scales, prickles 
or spines (as typical for other species of this 
genus). Dorsal surface and the flanks are greyish 
to olive green with many pale dots. Ventral side 
is whitish. 
The belly was white and rough. A silver 
blotch was present in front of the eye. Pectoral 
fin base black, dorsal and anal fins short and 
posterior in position, and caudal fin lunate. 
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The S. pachygaster analyzed are 3 female 
and 1 male. All specimens are adults, the female 
showed the gonad maturity in maturing (2c) or 
mature/spawner (3) stage, while the male in the 
resting stage.
Out of the 4 specimens of S. pachygaster 
analyzed only one presented empty stomach. A 
total of 12 preys were recognized and 67% were 
Mollusca, 25% Crustacea and 8% Teleost (Table 
4). In terms of occurrence, Mollusca represented 
a large part of the diet followed by Crustacea 
and Teleost. Even though the largest part of 
Mollusca was represented by gastropods, only a 
fraction was identified to a lower level of classi-
fication (i. e. Dentaliidae family). Among Crus-
tacea, Macropipus tuberculatus (Roux, 1830) 
and Macropodia longirostris (Fabricius, 1775) 
were the only species identified. Fish did not 
contribute greatly to the diet, and none could be 
identified to species level.
DISCUSSION
Changes are occuring in the Mediterra-
nean marine biodiversity over the last decades 
(Bianchi, 2007) and the arrival of Tetraodonti-
dae species is part of this modification (AZZUR-
RO et al., 2011; GALIL et al., 2007). 
L. sceleratus was firstly detected in the 
Mediterranean waters as misidentified speci-
mens of L. suezensis from Lebanon (MOU-
NEIMNE, 1977), and only after many years other 
records were reported in the eastern Mediterra-
nean (AKYOL et al., 2005; FELIZ & ER, 2004), from 
Gokova Bay (southern Aegean Sea, Turkey). 
After this last record the Silver-cheeked toadfish 
was suddenly reported in the whole Aegean sea 
(BILECENOGLU et al., 2006; KASAPIDIS et al., 2007; 
PERISTERAKI et al., 2006; TÜRKER-ÇAKIR et al., 
2009) including Crete (KASAPIDIS et al., 2007) and 
Rhodes Islands (CORSINI et al., 2006; KALOGIROU, 
2013) and southeastwards along the Turkish 
coasts (BILECENOGLU et al., 2006; YAGLIOGLU et 
al., 2011), off Jaffa (GOLANI & LEVY, 2005), Leba-
non costs (CARPENTIERI et al., 2009) and Cyprus 
(KATSANEVAKIS et al., 2009; ROUSOU et al., 2014). 
Recently, this species has displayed a rapid 
spread out along north Africa coasts, west to 
the Suez Canal (Egyptian waters) (EL-HAWEET 
et al., 2011), in Libyan (MILAZZO et al., 2012) and 
Tunisian waters (ENAJJAR et al., 2015; JRIBI & BRA-
DAI, 2012) as well as westward and northward, 
Table 4. Stomach contents of S. pachygaster and L. sceleratus: Overall number (N), percent number (%N), occurrence (O) 
and percent occurrence (%O)
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reaching the Ionian sea (ZENETOS et al., 2013) and 
Malta (DEIDUN et al., 2015). In the central Medi-
terranean area, L. sceleratus was recorded in the 
south Sicily (AZZURRO et al., 2014; TIRALONGO 
& TIBULLO, 2014). The first record of this spe-
cies in the Adriatic Sea was in October 2012, 
when an individual was caught in Jakljan Island 
(Dubrovnik) (ŠPREM et al., 2014). 
The occurrence of L. sceleratus reported in 
the present study represents the first record of 
this species in the west Adriatic Sea. The cap-
ture depth is in accordance with a more coastal 
distribution of L. sceleratus than S. pachygaster. 
The specimen was an adult female (ROUSOU et 
al., 2014) with gonads in resting maturity stage. In 
addition, the stomach content was in accordance 
with a diet reported for this species in Mediter-
ranean basin based on Mollusca and Crustacea 
(KALOGIROU, 2013; ROUSOU et al., 2014).
The presence of tetrodotoxin in this fish 
(liver, gonads, gastrointestinal tract, skin and 
muscle) has a social impact, being TTX one 
of the strongest marine paralytic toxins known 
today (SABRAH et al., 2006). The social implica-
tion of the rapid spread of L. sceleratus regards 
not only the public health, but also the local fish-
ery sector as the Silver-cheeked toadfish feeds 
on commercial species caught in nets, leading 
to significant loss of incomes and damage to 
fishing gears (CARPENTIERI et al., 2009; NADER et 
al., 2012).
The rapid expansion of L. sceleratus indi-
cates that the species is well adapted to the new 
environment. Indeed the Silver-cheeked toadfish 
became in few years and in some areas (i.e. 
Rhodes and Cyprus) the dominant fish species 
in Posidonia oceanica habitats and on sandy 
bottoms (KALOGIROU et al., 2010; 2012). 
S. pachygaster was firstly recorded in 1979 
around the Balearic Islands (OLIVER, 1981). Since 
then, the blunthead puffer has spread through the 
western Mediterranean and in the Strait of Sicily 
(RAGONESE et al., 1992; 1997), where the presence 
of a stable population was recorded between 
Malta and southern Sicily (RAGONESE et al., 1997; 
RAGONESE & MORARA, 2012). In the same period, 
the presence of S. pachygaster was also reported 
in the western Ionian Sea (TURSI et al., 1992) where 
a steady population with spawning females was 
identified (MAIORANO et al., 2010). In the eastern 
part of the Mediterranean the first record of 
S. pachygaster was reported around the Israel 
coasts (GOLANI, 1996), but after the species was 
caught in Greece (ZACHARIOU-MAMALLINGA & 
CORSINI, 1994) and more recently in Turkey (ERY-
ILMAZ et al., 2003) and Cyprus (KATSANEVAKIS et 
al., 2009). This species was identified for the first 
time in the south-west of the Adriatic Sea at the 
beginning of the 1990 (BELLO, 1993) and after 
few years the blunthead puffer was recorded 
also in all the Adriatic (DULČIĆ, 2002; JARDAS & 
PALLAORO 1996; JOKSIMOVIĆ & MANDIĆ, 2008; 
LIPEJ et al., 2013) up to the Istrian peninsula, 
which represents the northernmost site where of 
S. pachygaster has been reported in the Mediter-
ranean basin. 
The spread pattern of the blunthead puffer 
into the Mediterranean Sea seems to support an 
eastward and northward propagation from the 
Atlantic Ocean via Gibraltar Strait, as analyzed 
by LIPEJ et al. (2013). In the South Adriatic, after 
the first record reported by Bello (1993) no other 
catches of the species were reported in the West 
side (Table 1). Also the data reported in the 
present work are related to east side of the south 
Adriatic Sea (Montenegrin and Albania coasts). 
This evidence could be linked to the ecologi-
cal preferences of this species (PERISTERAKI et 
al., 2006) and/or to the different fishing pressure 
between the west and east sides of Adriatic 
coasts, being higher the trawl fishing pressure 
occurring along the Italian side (BITETTO et al., 
2014). Indeed blunthead puffer seems to be very 
vulnerable to the capture by trawl with a 100% 
Fig. 4. Sphoeroides pachygaster caught during the MED-
ITS trawl survey
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of discard mortality (RAGONESE & MORARA, 
2012).
S. pachygaster was caught in Mediterranean 
basin mostly at depths between 80 and 180 m 
on sandy – muddy substrate (FARRAG et al., 2016; 
HEMIDA et al., 2009; JARDAS & PALLAORO 1996; 
JOKSIMOVIĆ & MANDIĆ, 2008; LIGAS et al., 2006; 
TURSI et al., 1992). Only in north Adriatic Sea this 
species was caught at shallower depths (20 m) 
(LIPEJ et al., 2013). For the specimens caught dur-
ing the MEDITS survey it was possible to asso-
ciate the benthic fauna occurring in the same 
haul to the presence of S. pachygaster. In all the 
cases, the species was found on coastal detritic 
bottom biocenosis characterized by the typical 
presence of Stichopus regalis (Cuvier, 1817), 
Alcyonium palmatum Pallas, 1766, Diazona vio-
lacea Savigny, 1816 and the Crustacea Macropi-
pus tuberculatus (Roux, 1830) and Macropodia 
longirostris (Fabricius, 1775) (also recognized 
in one of the analyzed stomachs). 
Meristic and morphometric data of the 
blunthead puffer and silver-cheeked toadfish 
specimens analysed were in agreement with 
previous published data on the Mediterranean 
Sea (DULČIĆ, 2002; HEMIDA et al., 2009;; KASAPIDIS 
ET AL 2007; LIPEJ et al., 2013; NADER et al., 2012; 
RAGONESE et al., 1997).
All caught specimens were adult with a 
gonad maturity in accordance with a reproduc-
tion season extended from the spring to the 
autumn (ENAJJAR et al., 2015). The occurrence 
of specimens both in maturation and/or mature 
would testify the presence of a stable population 
with active reproductive individuals.
Some authors report that the diet of S. pach-
ygaster in Mediterranean Sea is based mainly 
on squid, cuttlefish and octopus, including small 
bony fish and/or crustacean (PSOMADAKIS et al., 
2006). In contrast with these findings, ENAJJAR et 
al. (2015) found a population of blunthead puffer 
in the Gulf of Gabès with a diet mostly based on 
fish (Mullus barbatus Linnaeus, 1758, Mullus 
surmuletus Linnaeus, 1758, Trachurus trachu-
rus (Linnaeus, 1758), Conger conger (Linnaeus, 
1758), Engraulis encrasicolus (Linnaeus, 1758), 
Boops boops (Linnaeus, 1758)). Though the 
results, reported in the present work, are limited 
to 3 specimens, they are in accordance with a 
diet mostly based on Mollusca. Nevertheless 
blunthead puffer should be considered as a gen-
eralist carnivore with a broad and variable diet 
composed of Mollusca (nudibranchs), Crustacea 
(shrimps, crabs) and fish, indicating an adaptive 
feeding behavior (PSOMADAKIS et al. 2006).
The potential effects of the spread out of 
Tetraodontidae in the Mediterranean Sea are 
hard to predict, but it is crucial to continue col-
lecting biological data on these invasive species 
to better understand future potential ecological 
responses. There is no doubt that the biodiver-
sity profile is changing in the Mediterranean Sea 
but it is hardto establish and it is under constant 
evaluation, to what extent warm-water species 
will affect the trophic web and the functioning 
of marine ecosystems (BIANCHI, 2007; REISE et al., 
2006; KALOGIROU et al., 2010; 2012). Certainly, this 
field constitutes an important future challenge 
even for stakeholders and fisheries managers in 
the Mediterranean Sea.
ACKNOWLEDGEMENTS
The authors are grateful to Matteo TEDESCHI 
and Salvatore BRUNETTI of the fishing boat “San 
Lorenzo” who kindly provided the specimen of 
L. sceleratus.
REFERENCES
AA. VV. 2016. MEDITS-Handbook Version 8, 
MEDITS Working Group, 177 pp.
AKYOL, O., V. UNAL, T. Ceyhan & M. Bilecenoglu. 
2005. First Confirmed Record of Lagocepha-
lus sceleratus (Gmelin 1789) in the Mediter-
ranean Sea. J Fish Biol., 66(4): 1183-1186.
ARTHUR, R.I., K. LORENZEN, P. HOMEKINGKEO, K. 
SIDAVONG, B. SENGVILAIKHAM & C.J. GARA-
WAY. 2010. Assessing impacts of introduced 
aquaculture species on native fish communi-
ties: Nile tilapia and major carps in SE Asian 
freshwaters. Aquaculture, 299(1–4): 81–88.
AZZURRO, E., L. CASTRIOTA, M. FALAUTANO, F. 
GIARDINA & F. ANDALORO. 2014. The silver-
333Carbonara et. al.: Seasonal abundance, vertical distribution and life history traits of Mediterranean...
cheeked toadfish Lagocephalus sceleratus 
(Gmelin, 1789) reaches Italian waters. J. 
Appl. Ichthyol., 30: 1050-1052.
AZZURRO, E., P. MOSCHELLA & F. MAYNOU. 2011. 
Tracking Signals of Change in Mediterrane-
an Fish Diversity Based on Local Ecological 
Knowledge. PLoSONE, 6(9): e24885.
BELLO, G. 1993. Il pesce palla Sphoeroides cuta-
neous nel mare Adriatico (Puffer fish Spho-
eroides cutaneous in Adriatic sea). Mem. 
Biol. Mar. Oceanogr., 18: 75–77. 
BENTUR, Y., J. ASHKAR, Y. LURIE, Y. LEVY, Z.S 
AZZAM, M. LITMANOVICH, M. GOLIK, B. 
GUREVYCH, D. GOLANI & A. EISENMAN. 2008. 
Lessepsian migration and tetrodotoxin poi-
soning due to Lagocephalus sceleratus in 
the eastern Mediterranean. Toxicon, 52: 
964-968.
BIANCHI, C. N. 2007. Biodiversity issues for the 
forthcoming tropical Mediterranean Sea. 
Hydrobiologia, 580: 7–21.
BILECENOGLU, M, M. KAYA & S. AKALIN. 2006. 
Range expansion of silver stripeblaasop, 
Lagocephalus sceleratus (Gmelin, 1789), to 
the northern Aegean Sea. Aquat. Invasions, 
1: 289–291.
BITETTO, I., P. CARBONARA, L. CASCIARO, L. 
CERIOLA, M. ÐUROVIĆ, M.T. FACCHINI, Z. 
IKICA, A. JOKSIMOVIĆ, J. KOLITARI, G. KROQI, 
G. LEMBO, O. MARKOVIĆ, N. MILONE & M.T 
SPEDICATO. 2014. Report of the Working 
Group on Stock Assessment of Demersal 
Species (WGSAD) (November 2014, ses-
sion 2), 58 pp. 
CANONICO, G., A. ARTHINGTON, J.K. MCCRARY & 
M.L. THIEME. 2005. The effects of introduced 
tilapias on native biodiversity. Aquat. Con-
serv. Mar. Freshwater Ecosyst., 15: 463-483.
CAREY, M.P. & D.H. WAHL. 2010. Native fish diver-
sity alters the effects of an invasive species 
on food webs. Ecology, 91(10): 2965–2974.
CARPENTIERI, P., S. LELLI, F.C. COLLOCA, C. 
MOHANNA, V. BARTOLINO, S. MOUBAYED & 
G.D. ARDIZZONE. 2009. Incidence of lessep-
sian migrants on landings of the artisanal 
fishery of South Lebanon. Mar. Biodivers. 
Rec., 2: 1-5.
CORSINI, M., P. MARGIES, G. KONDILATOS & P.S. 
ECONOMIDIS. 2006. Three new exotic fish 
records from the SE Aegean Greek waters. 
Sci. Mar., 70: 319-323.
DEIDUN, A., A. FENECH-FARRUGIA, L. CASTRIOTA, 
M. FALAUTANO, E. AZZURRO & F. ANDAL-
ORO. 2015. First record of the silver-cheeked 
toadfish Lagocephalus sceleratus (Gmelin, 
1789) from Malta. BioInvasions Rec., 4(2): 
139–142.
DRAGIČEVIĆ, B. & J. DULČIĆ. 2010. Fish inva-
sions in the Adriatic Sea. In: Golani, D. & 
B. Appelbaum-Golani (Editors). Fish inva-
sions of the Mediterranean Sea: Change and 
renewal. Pensoft Publishers, Sofia-Moscow, 
pp. 255–266.
DULČIĆ, J. 2002. Northernmost occurrence of 
Sphoeroides pachygaster (Tetraodontidae) 
in the Adriatic Sea. Bull. Mar. Sci., 70(1), 
133–139.
DULČIĆ, J. & A. PALLAORO. 2006. First record of 
the oceanic puffer (Lagocephalus lagoceph-
alus lagocephalus, Linnaeus, 1758), for the 
Adriatic Sea. J. Appl. Ichthyol., 1: 94–95.
DULČIĆ, J. & B. DRAGIČEVIĆ. 2011. Nove ribe 
Jadranskog i Sredozemnog mora (New fish-
es of the Adriatic and the Mediterranean 
Sea). Institut za oceanografiju i ribarstvo, 
Državni zavod za zaštitu prirode, Split, 160 
pp.
EL-HAWEET, A., M.R. FISHAR, Y. GENEID & E. 
ABDEL-MOULA. 2011. Assessment of fisher-
ies and marine biodiversity of Sallum Gulf, 
Egypt. IJESD, 1: 21–34.
ERYILMAZ, L., M. ŐZULUĞ & N. MERIÇ. 2003. The 
Smooth Pufferfish, Sphoeroides pachygaster 
(Tetraodontidae), new to the Northern Aege-
an Sea. Zool Middle East, 28: 125–126.
ENAJJAR S., N. B.H. HAMIDA, A. SAADAOUI & M.N. 
BRADAÏ. 2015. New data on puffer fish spe-
cies (Osteichthyes: Tetraodontidae) occur-
ring in Tunisian waters (central Mediterra-
nean Sea). Mar. Life, 18: 33-41.
FARRAG, M.M.S., A.A.K. EL-HAWEET, EL-S. KH A. 
AKEL & M.A. MOUSTAFA. 2016. Occurrence of 
puffer fishes (Tetraodontidae) in the eastern 
Mediterranean, Egyptian coast - filling in 
the gap. BioInvasions Rec., 5(1): 47–54.
FELIZ, H., & M. ER. 2004. Akdeniz’in Yeni Misa-
334  ACTA ADRIATICA, 58(2): 325 - 338, 2017
firi (New guests in the Mediterranean Sea). 
Deniz Magazin Dergisi: 52–54. 
GALIL, B.S., S. NEHRING, V. PANOV. 2007. Water-
ways as invasion highways - impact of cli-
mate change and globalization. In: Biologi-
cal Invasions. W. Nentwig (Editor). Spring-
er, Berlin, Heidelberg, pp. 59-74.
GOLANI, D. 1996. The marine ichthyofauna of the 
eastern Levant: history, inventory and char-
acterization. Isr. J. Zool., 42, 15–55.
GOLANI, D., L. ORSI-RELINI, E. MASSUTÍ & J.P. 
QUIGNARD. 2002. CIESM Atlas of Exotic 
species in the Mediterranean, Vol. 1. Fishes. 
In:  F. Briand (Editor). CIESM Publishers, 
Monaco, 256 pp.
GOLANI, D. & Y. LEVY. 2005. New records and 
rare occurrences of fish species from the 
Mediterranean coast of Israel. Zoology in 
the Middle East, 36: 27-32.
GOLANI, D., L. ORSI-RELINI, E. MASSUTÍ & J.-P. 
QUIGNARD. 2006. On-line. CIESM Atlas of 
exotic fishes in the Mediterranean. http://
www.ciesm.org/atlas/, visited in March 
2017.
GRUBAČ, J. 2008. Otrovna napuhača ulovljena 
blizu Šibenika. (A poison fish caught near 




HEMIDA, F., M.M. BEN AMOR & C. CAPAPÉ. 2009. 
First confirmed record of the blunthead 
puffer, Sphoeroides pachygaster (Osteich-
thyes: Tetraodontidae) off the Algerian coast 
(southwestern Mediterranean). PANAM-
JAS, 4(2): 188–192.
JARDAS, I. & A. PALLAORO. 1996. The record 
of Sphoeroides cutaneus (Günther, 1870) 
(Pisces, Tetraodontidae) in the Adriatic Sea. 
Oebalia, XXII: 83–90.
JOKSIMOVIĆ, A. & S. MANDIĆ. 2008. New fish 
species in the south Adriatic (Montenegrin 
coast) – Lessepsian migrant. Proceedings 
of 37th Annual Conference of the Yugo-
slav water pollution control society “Water 
2008”. Mataruška banja, 3-6 June 2008, pp. 
297–300.
JRIBI, I. & M.N. BRADAI. 2012. First record of the 
lessepsian migrant species Lagocephalus 
sceleratus (Gmelin, 1789) (Actyinopterygii: 
Tetraodontidae) in the central Mediterra-
nean. BioInvasions Rec., 1: 49-52.
KALOGIROU, S., M. CORSINI-FOKA, A. SIOULAS, 
H. WENNHAGE & L. PIHL. 2010. Diversity, 
structure and function of fish assemblages 
associated with Posidonia oceanica beds in 
an area of the Eastern Mediterranean Sea 
and the role of nonindigenous species. J. 
Fish Biol., 77: 2338-2351.
KALOGIROU, S., H WENNHAGEH & L. PIHL. 2012. 
Non-indigenous species in Mediterranean 
fish assemblages: Contrasting feeding guilds 
of Posidonia oceanica meadows and sandy 
habitats. Estuar. Coast. Shelf S., 96: 209-
218.
KALOGIROU S., 2013. Ecological characteristics 
of the invasivepufferfish Lagocephalus scel-
eratus (Gmelin, 1789) in the eastern Medi-
terranean Sea – a case study from Rhodes. 
Medit. Mar. Sci., 14: 251-260.
KASAPIDIS, P., P. PERISTERAKI, G. TSERPES & A. 
MAGOULAS. 2007. First record of the Lessep-
sian migrant Lagocephalus sceleratus (Gme-
lin 1789) (Osteichthyes: Tetraodondidae) in 
the Cretan Sea (Aegean, Greece). Aquat. 
Invasions, 2: 71-73.
KATSANEVAKIS, K., G. TSIAMIS, G. IOANNOU, N. 
MICHAILIDIS & A. ZENETOS. 2009. Inventory 
of alien marine species of Cyprus. Medit. 
Mar. Sci., 10(2): 109–133.
LIGAS, A., R. SIRNA & R. SARTOR. 2006. Prima 
segnalazione di Sphoeroides pachygaster 
(Muller & Troschel, 1848) (Pisces, Tetrao-
dontidae) nel Mar Tirreno Settentrionale. 
(First record of Sphoeroides pachygaster 
(Muller & Troschel, 1848) (Pisces, Tetrao-
dontidae) in northern Tyrrhenian Sea). Biol. 
Mar. Mediterr., 13: 274–275. 
LIPEJ, L, B. MAVRIČ & D. PALISKA. 2013. New 
northernmost record of the Blunthead Puff-
erfish, Sphoeroides pachygaster (Osteich-
thyes Tetraodontidae) in the Mediterranean 
Sea. ANNALES Ser. hist. nat. 23(2): 103-
114.
MAIORANO, P., L. SION, R. CARLUCCI, F. CAPEZ-
ZUTO, A. GIOVE, G. COSTANTINO, M. PANZA, 
335Carbonara et. al.: Seasonal abundance, vertical distribution and life history traits of Mediterranean...
G. D’ONGHIA & A. TURSI. 2010. The demersal 
faunal assemblage of the north-western Ion-
ian Sea (central Mediterranean): current 
knowledge and perspectives. Chem. Ecol., 
26 (Suppl.): 219–240.
MATSUURA, K. 2001. Tetraodontidae. p. 3954-
3957. In: FAO Species Identification Guide 
for Fishery Purposes  The Living Marine 
Resources of the Western Central Pacific. 
Vol. 6. Bony fishes part 4 (Labridae toLa-
timeriidae), estuarine crocodiles, sea turtles, 
sea snakes and marine mammals. In: K.E. 
Carpenter and V.H. Niem (Editors). FAO, 
Rome 837 pp. 
MILAZZO, M., E. AZZURRO & F. BADALAMENTI. 
2012. On the occurrence of the silverstripe 
blaasop Lagocephalus sceleratus (Gmelin, 
1789) along the Libyan coast. BioInv. Rec., 
1: 125-127.
MOUNEIMNE, N. 1977. Liste des poissons de la 
cote du Liban (Mediterranee orientale). (The 
list of fish from Lebanon coast (Eastern 
Mediterranean). Cybium (Nouv. Ser.), 1: 
37–66.
NADER, M., S. INDARY & L. BOUSTANY 2012. 
FAO EastMed The Puffer Fish Lagocepha-
lus sceleratus (Gmelin, 1789) in the Eastern 
Mediterranean. GCP/INT/041/EC – GRE – 
ITA/TD-10.
NELSON, J.S. 2006. Family Tetraodontidae 
(509)-puffers. In: Fishes of the world. J.S. 
Nelson (Editor). John Wiley and Sons, 
Hoboken, New Jersey, pp. 456-457.
OLIVER, P. 1981. Sobre la aparición de algunos 
peces raros en las islas Baleares. (On the 
apparition of some rare fish in the Balearic 
Islands). Bol. Inst. Esp. Oceanogr., 6: 59–64. 
PERISTERAKI, P., G. LAZARAKIS, C. SKARVELIS, 
M. GEORGIADAS & G. TSERPES. 2006. Addi-
tional records on the occurrence of alien fish 
species in the eastern Mediterranean Sea. 
Medit. Mar. Sci., 7(2): 61–66.
PSOMADAKIS, P.N., P. CEDDIA P. & M. VACCHI. 
2006. Additional record of Sphoeroides pach-
ygaster (Pisces: Tetraodontidae) in the Tyr-
rhenian Sea and notes on the distribution of 
the species in the Mediterrranean. JMBA2–
Biodiversity records. 1-4. Accessible at 
http://www.mba.ac.uk/jmba/pdf/5186.pdf
QUIGNARD, J.-P. & J.A. TOMASINI. 2000. Mediterra-
nean fish biodiversity. Biol. Mar. Mediterr., 
7(3): 1-66.
RAGONESE, S., G. RIVAS & P. JEREB. 1992. Spread-
ing of the puffer Sphoeroides pachygaster 
(Günther, 1870) (Pisces: Tetraodontidae) in 
the Sicilian Channel. Is it an “exploding” 
population? Rapp. Comm. int. Mer Médit., 
33: 308.
RAGONESE, S., P. JEREB & U. MORARA. 1997. 
Morphometric relationships of Sphoeroides 
pachygaster (Pisces: Tetraodontidae) of the 
Strait of Sicily (Mediterranean Sea). Cah. 
Biol. Mar., 38: 283–289.
RAGONESE, S. & U. MORARA. 2012. Evidence of 
shortterm discard mortality of trawled Spho-
eroides pachygaster (Osteichthyes, Tetrao-
dontidae) off the southern coast of Sicily 
(Central Mediterranean Sea). PANAMJAS, 
7(2): 73–76.
REISE, K., S. OLENIN, D. THIELTGES. 2006. Are 
aliens threatening European aquatic coast-
al ecosystems? Helgoland Mar. Res., 60: 
77-83.
ROUSOU M., K. GANIAS, D. KLETOU, A. LOU-
CAIDES & M. TSINGANIS. 2014. Maturity of the 
pufferfish Lagocephalus sceleratus in the 
southeastern Mediterranean Sea. Sex. Early 
Dev. Aquat. Org., 1: 35–44.
SABRAH, M., A. EL-GANAINY & M. ZAKY. 2006. 
Biology and toxicity of the Puffer fish Lago-
cephalus sceleratus from the Gulf of Suez. 
Egypt. J. Aquat. Res., 32(1): 283-297.
STREFTARIS, N. & A. ZENETOS. 2006. Alien Marine 
Species in the Mediterranean – The 100 
‘Worst Invasives’ and their Impact. Medi-
terr. Mar. Sci., 7(1):87-118.
ŠPREM J.S., T. DOBROSLAVIĆ, V. KOŽUL, A. KUZ-
MAN & J. DULČIĆ. 2014. First record of Lago-
cephalus sceleratus in the Adriatic Sea (Cro-
atian coast), a Lessepsian migrant. Cybium, 
38(2): 147-148.
TIRALONGO, F. & D. TIBULLO. 2014. Lagocephalus 
sceleratus (Gmelin, 1789), (Pisces: Tetrao-
dontidae) reaches the Italian Ionian Sea, 
pp 203–204. In: Kapiris et al. (2014). New 
Mediterranean Marine Biodiversity Records. 
Mediterr. Mar. Sci., 15(1): 198–212.
336  ACTA ADRIATICA, 58(2): 325 - 338, 2017
TORTONESE, E. 1986. Tetradontidae (including 
Canthigasteridae). In: Fish of the North-
eastern Atlantic and the Mediterranean III. 
In: P.J.P. Witehead, M.L. Bauchot, J. Nielsen 
& E. Tortonese (Edtors), Unesco: Paris, pp. 
1341-1347. 
TÜRKER-ÇAKIR, D., A. YARMAZ, & C. BALABAN. 
2009. A new record of Lagocephalus scelera-
tus Gmelin 1789) confirming a further range 
extension into the northern Aegean Sea. J 
Appl Ichthyol 25: 606-607. 
TURSI, A., G. D’ONGHIA, & A. MATARRESE. 1992. 
First finding of Sphoeroides pachygaster 
(Muller & Troschel, 1848) (Tetraodontidae) 
in the Ionian Sea (middle eastern Mediter-
ranean). Cybium, 16 (2), 171–172. 
YAGLIOGLU, D., C. TURAN, ERGUDEN, D. 
G.MEVLUT. 2011. Range Expansion of Sil-
verstripe Blaasop, L. sceleratus (Gmelin, 
1789) to the NorthEastern Mediterranean 
Sea. Biharean biol. 5(2): 159-161.
ZACHARIOU-MAMALLINGA, H. & M. CORSINI. 
1994. The occurrence of the fish Sphoeroides 
pachygaster in the south-eastern Aegean 
Sea (Greece). Ann. Mus. Goulandris, 9: 
479–483.
ZENETOS, A., D. KOUTSOGIANNOPOULOS, 
P.OVALIS, D. POURSANIDIS. 2013. The role 
played by citizen scientists in monitoring 
marine alien species. Cah. Biol. Mar., 54: 
419-426. 
Received: 30 March 2017
Accepted: 19 July 2017
337Carbonara et. al.: Seasonal abundance, vertical distribution and life history traits of Mediterranean...
Nazočnost vrsta iz porodice četverozupki (Tetraodontidae) u 
središnjem Sredozemlju: novi podaci iz južnog Jadrana
Pierluigi CARBONARA*, Jerina KOLITARI, Mirko ĐUROVIĆ, Palma GAUDIO, 
Zdravko IKICA, Guliem KROQI, Nicoletta MILONE i Maria Teresa SPEDICATO
* Kontakt e-adresa: carbonara@coispa.it
SAŽETAK
U radu je predstavljen prvi nalaz lesepsijske migratorne vrste Lagocephalus sceleratus (sre-
brenopruga napuhača) na talijanskoj strani južnog Jadrana. Uz to, analizirana su i četiri primjerka 
vrste Sphoeroides pachygaster (napuhača). Meristički i morfometrijski podaci dobiveni analizom 
primjeraka ovih dviju vrsta su u suglasnosti sa postojećim podacima iz Sredozemlja. Analizirana 
jedinka srebrenopruge napuhače bila je ženka, s gonadama u stadiju mirovanja, dok su jedinke 
napuhače bile u stadiju sazrijevanja, zrelom stadiju i izmrještenom stadiju. Sadržaj želudaca 
srebrenopruge napuhače sastojao se od ostataka skupina Mollusca, Ophistobranchia i Crustacea 
Brachyura. Sadržaj želudaca jedinki vrste Sphoeroides pachygaster potvrdio je da ova vrsta u preh-
rani preferira mekušce (Mollusca) kao plijen. Ipak, nazočnost ostataka rakova i kozica (Crustacea) 
u njihovim želucima ukazuje na raznoliku prehranu ove vrste u južnom Jadranu. Ovo istraživanje 
ukazuje na postojanje formirane populacije vrste Sphoeroides pachygaster na kontinentalnom šelfu 
jugoistočne obale Jadranskog mora.
Ključne riječi: Lagocephalus sceleratus, Sphoeroides pachygaster, morfometrija, meristika, spolna 
zrelost gonada, sadržaj želuca 
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